A rapid and precise immunoturbidimetric assay for the measurement of alpha-fetoprotein in amniotic liquor has been developed. The method is an 'end-point' technique without blank correction since non-specific turbidity does not occur with amniotic liquor. The assay is able to distinguish 4 mgjl from zero and is unaffected by gross blood staining ofthe liquor. The protocol requires a duplicate analysis of the liquor to detect high levels of alpha-fetoprotein.
The detection of fetal neural tube defects in the second trimester of pregnancy using the elevation of alpha-fetoprotein (AFP) in amniotic fluid was first suggested by Brock and Sutcliffe! and is now an established routine procedures, It is used to confirm the presence or absence of neural tube defects either when the maternal serum AFP is raised3-5 or in those patients in whom the incidence of neural tube defects is very high. 8 The methods currently used for the measurement of AFP in amniotic liquor are principally immunoelectrophoresis and immunodiffusion techniques. 7 These techniques, although reliable, are relatively slow, and a rapid immunoturbidimetric assay using a standard centrifugal analyser has been developed. This technique reduces the delay in reporting AFP values after amniocentesis.
The use of unmodified reaction rate analysers to monitor the immunoturbidimetric reaction has been described for serum proteins using both 'end-point' analysis" and, more recently, 'kinetic' methods." The immunoturbidimetric analysis of amniotic liquor proteins differs from that of serum in that the nonspecific turbidity observed with serum is absent. This enables the desired sensitivity and accuracy to be achieved with an 'end-point' analysis. Working standards were prepared by diluting the standard serum with sodium chloride solution (9 gIl). All standards were checked for non-specific turbidity. ANTISERUM Antiserum for use in the immunoelectrophoretic method was obtained from Seward Laboratories. This antiserum was unsuitable for use in the turbidimetric technique, and antiserum for this method was obtained from Behring Diagnostics.
Material
The antiserum for use in the turbidimetric technique was diluted 1 in 26 in a solution of sodium chloride (9 gIl) and polyethylene glycol 6000 (50 gIl).
Method

IMMUNOTURBIDIMETRIC METHOD
Amniotic fluid was centrifuged at 2000 rpm for 10 minutes to remove any debris.
All analyses were performed on a Centrifichem 400 Centrifugal analyser (Union Carbide Ltd).
The transfer disc of the analyser was then prepared in two phases: 1 25 fl.l of amniotic fluid or standard was sampled and diluted with 50 fl.l of distilled water diluent into the well of the disc. 250 fl.l of antiserum was placed in the reagent well of the disc. 2 On the same disc the analysis of each sample was repeated at a fivefold dilution using 5 fl.l of amniotic fluid and 70 fl.l of distilled water diluent in the sample well and 250 fl.l of antiserum in the reagent well. 130 ROCKET IMMUNOELECTROPHORESIS Buffered agarose gel (0'15 ml/cm 2 of glass plate) was melted in a boiling water bath and cooled to about 50°C. The AFP antiserum was added to the gel (70 !Jol/lO ml) and mixed thoroughly before being
The reaction was initiated and after a lO-second mixing interval the absorbance at 340 run was monitored at 2' 5-minute intervals for a total of 7·5 minutes.
The instrument settings are shown in Table 1 .
CALCULATION AND DETECTION OF ANTIGEN EXCESS
Two standard curves were constructed, one for an initial 2· 5-minute interval and the second for the full 7'S-minute interval. Three readings were taken: 1 The 7·5 min value using 25 !Jol of sample was read off the 7·5 min standard curve. 2 The 2·5 min value using 25 !Jol of sample was read off the 2·5 min standard curve. 3 The repeated analysis at 7·5 min using 5 !Jol of sample was read off the 7· 5 min standard curve and multiplied by 5. If value 2 is less than 90 % of value 1, or if value 3 is 30% greater than value 1, then antigen excess should be suspected and the analysis repeated with serial dilutions of the specimen ( Table 2) .
Results poured onto a warmed glass plate. Wells, 0·4 mm in diameter, were cut in the plate approximately 2 em from the edge of the plate and 1 em apart. 5 !Jol of standards, quality control specimens, or test amniotic liquors were placed in the wells, and the plates were electrophoresed overnight. The plates were dried and stained, and peak heights were read. 
KINETICS AND DETECTION OF ANTIGEN EXCESS
The time course of the turbidimetric reaction is shown in Figure 1 . The reaction where AFP is not in excess proceeds with a hyperbolic response; however, if the AFP concentration exceeds 60 mg/l the reaction develops a 'lag' phase and produces a sigmoid reaction rate curve. Above approximately 200 mg/l of AFP little reaction, if any, is recorded. Antigen excess is detected using the protocol outlined in the method. Values I, 2, and 3 calculated for a series of liquors are shown in Table 2 . In antigen excess the value calculated at 2· 5 minutes (value 2) will be lower than the value calculated at 7' 5 minutes (value 1) because of the sigmoid shape of the reaction rate curve. If the AFP is present in very high concentrations, similar to the values found with an anencephalic fetus, very little change in absorbance occurs over the timed period, and the value obtained from the 1 in 5 dilution (value 3) is considerably higher than values 1 or 2. Using this relatively simple analysis, AFP concentrations up to 1000 mg/l can be accurately determined.
NON-SPECIFIC TURBIDITY
Twenty amniotic fluid samples, including five bloodstained samples, were analysed using the usual protocol but omitting the antiserum from the diluent. In all liquors the change in absorbance did not exceed 0·004 OD units.
COMPARISON WITH IMMUNOELECTOPHORESIS
Seventy-eight amniotic fluid samples were analysed for AFP concentration using both the immuno-1000 Evans turbidimetric method and immunoelectrophoresis. The correlation between the two methods is good (r = O·998) over a range of values from 0 to 500 mg/l (Fig. 2 ). Ten specimens containing haemoglobin and six specimens from rhesus-affected pregnancies had AFP concentrations that did not differ significantly from those determined by immunoelectrophoresis (p <0,(05).
PRECISION
The intra-assay and inter-assay precision were determined using three liquors with differing levels of AFP. The results are given in Table 3 .
SENSITIVITY
The sensitivity of the assay, defined as two standard deviations of a zero standard.P was 4 mg/l. 
Discussion
The major problem with the determination of AFP in amniotic liquor using immunoturbidimentry is the detection of high levels of AFP which give antigen excess. The influence of elevated AFP levels on the time course of the reaction illustrated in Fig. I is similar to the effect of antigen excess in the determination of serum proteins using the immunoturbidimetric technique.t P Previous authors have detected antigen excess by close observation of the time-course of the reaction. This method is, however, not totally satisfactory for liquor AFP since the very high levels found in association with an anencephalic fetus completely inhibit the appearance of any turbidity ( Table 2 ). Both dilution of the liquor for duplicate analysis and monitoring of the timecourse of the reaction are necessary to avoid the serious consequences of not detecting a high AFP concentration.
The sensitivity of the assay can be improved by reading at a wavelength of 292 nm and decreasing the time before the blank value is read from 10 to 3 seconds. It has been found that this increase in sensitivity is at the expense of precision of analysis on blood-stained liquors. The sensitivity of 4 mg/l is adequate for amniotic liquors taken before the 20th week of gestation, and the more precise conditions are therefore maintained. Haemoglobin in the amniotic liquor analysed using the conditions described does not appear to affect the accuracy of analysis. This factor is of considerable importance since the incidence of haemoglobin in the amniotic liquor of patients with neural tube defects is considerably higher than in unaffected preganancies.
The lack of any non-specific turbidity occurring in the analysis of amniotic fluid by immunoturbidimetry means that this technique is highly suited to the analysis of proteins in liquor. The analysis of AFP using this technique is considerably faster than the more conventional immunoprecipitation techniques and is equally precise. The more rapid analysis enables results to be reported on the day of amniocentesis and, as a consequence, can reduce the delay between amniocentesis and the reporting of the AFP value. I wish to thank Estelle King for her excellent technical assistance.
